Searching PAJ 



1/2 ^—iy 



PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 2001-043512 
(43)Date of publication of application : 16.02.2001 



(SDlntCI. 


G11B 5/39 




(21) Application number : 11-212993 

(22) Date of filing : 28.07.1 999 


(71) Applicant 

(72) Inventor : 


: NEC CORP 
HAYASHI KAZUHIKO 



(54) MAGNETO-RESISTIVE ELEMENT, MAGNETO-RESISTIVE HEAD, MAGNETO- 
RESISTANCE DETECTING SYSTEM AND MAGNETIC STORAGE SYSTEM 

(57)Abstract 
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* NOTICES * 

Japan Patent Office is not responsible for any 
danages caused by the use of this translation. 

1. This docunnent has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A magneto-resistive effect layer which has width efface corresponding to recording 
track width of face of magnetic-recording data medium mostly. It is a magneto-resistive effect 
element containing a vertical bias layer which adjoined both sides of this magneto-resistive 
effect layer and has been arranged, and an electrode of a pair which was prepared on this; 
vertical bias layer and connected to said magneto-resistive effect layer and electric target. A 
magneto-resistive effect element characterized by having prepared an insulating layer between 
said vertical bias layers and said electrodes, and for some electrodes of said pair having 
contacted said magneto-resistive effect layer, and forming a gap of an electrode of said pair 
more narrowly than width of face of said magneto-resistive effect layer. 

[Claim 2] A magneto-resistive effect layer and a vertical bias layer which adjoined both sides of 
this magneto-resistive effect layer, and has been arranged. When a core of the direction of a 
truck of said magneto-resistive effect layer is made into a criteria location including an electrode 
of a pair which was prepared on this vertical bias layer and connected to said magneto-resistive 
effect layer and electric target A portion nearest to said criteria location is the magneto- 
resistive effect element it was made to be located near said criteria location rather than a 
portion nearest to said criteria location among said vertical bias layers among said electrodes. 
Even if [ a part of ] there are few said vertical bias layers and said magneto-resistive effect 
layers, an insulating layer is formed upwards. A magneto-resistive effect element to which a 
location nearest to said criteria location is characterized by being located in the middle with a 
portion nearest to said criteria location among said electrodes among a portion nearest to said 
criteria location, and said vertical bias layer among this insulating layer. 

[Claim 3] A shield mold magneto-resistive effect arm head characterized by including a bottom 
shield formed on a base, a magneto-resistive effect element according to claim 1 or 2 formed 
through a bottom gap insulating layer on it, and a shield after being formed through a top gap 
insulating layer on it. 

[Claim 4] A magnetic-reluctance detection system characterized by including a magneto- 
resistive effect element according to claim 1 or 2. a means which produces current which passes 
along said magneto-resistive effect element, and a means to detect resistivity change of said 
magnetic resistance element as a function of a magnetic field detected. 
[Claim 5] A magnetic-reluctance detection system characterized by including a shield mold 
magneto-resistive effect arm head according to claim 3, a means which produces current which 
passes along said magneto-resistive effect arm head, and a means to detect resistance rate of 
change of said magneto-resistive effect arm head as a function of a magnetic field detected. 
[Claim 6] A magnetic storage system characterized by including an actuator means combined 
with a magnetic-recording system and a magnetic-reluctance detection system in order to move 
a magnetic-recording system, a magnetic-reluctance detection system according to claim 4 or 5, 
and said magnetic-recording system and said magnetic-reluctance detection system for making 
data memorize on magnetic storage data medium which has two or more trucks for data logging, 
and this magnetic storage data medium to a truck with which said magnetic storage data medium 
was chosen. 



http://www4.ipdljpo.gojp/cgi-bin/tran.web.cgi.ejje?u=http%3A%2F%2Fwww4jpdljp... 2003/12/22 



2/2 ^— V 



[Translation done.] 



http://vvvm4Jpdljpo.go jp/cgi-bin/tran.web_cgi_ejye?u=http% 2003/12/22 



1/10 ^—iy 



♦ NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to amelioration of the magnetometric 
sensor for reading the information signal recorded on the magnetic medium about the magnetic 
storage system at the magneto-resistive effect element, the magneto-resistive effect arm head, 
and the magnetic-reluctance detection-system list. 
[0002] 

[Description of the Prior Art] With the conventional technology, the magnetic reading converter 
called a magnetic-reluctance (MR) sensor or an arm head is indicated, and it turns out that this 
can read data in the magnetic surface by big linearity density. MR sensor detects a magnetic 
field signal through the resistance change as the strength of magnetic flux, and a function of a 
direction sensed by the reading element. MR sensor of such conventional technology operates 
based on the anisotropy magnetic-reluctance (AMR) effect that one component of resistance of 
a reading element changes in proportion to the square of the cosine of the angle of Hazama of 
the magnetization direction and the direction of the perception current which flows the inside of 
an element. 

[0003] paper" whose more detailed explanation of this AMR effect is DA. TOMUPUSON 
(Thompson) etc. — it is indicated by Memory, Storage, and Related Applications" IEEE Trans.on 
Mag.MAG-1 1, and pp.1039 (1975). 

[0004] Although vertical bias is impressed in the magnetic head using this AMR effect in many 
cases in order to press down a Barkhausen noise, antiferromagnetism materials, such as FeMn, 
NiMn, and a nickel oxide, may be used as this vertical bias impression material. Furthermore, the 
more remarkable magneto-resistive effect returned to spin dependency dispersion by the layer 
interface which accompanies spin dependency transmission and it of the electrical conduction 
electron between the magnetic layers resistance change of a laminating magnetometric sensor 
minds a non-magnetic layer is indicated by recently. This magneto-resistive effect is called by 
various names, such as "giant magneto-resistance" and the "spin bulb effect." 
[0005] Sensitivity is improved and such a magnetic-reluctance sensor has a large resistance 
change rather than it is observed with a suitable material by the configuration, now the sensor 
which gets down and uses the AMR effect. By this kind of MR sensor, the plane internal 
resistance of Hazama of one pair of ferromagnetic layers separated by the non-magnetic layer 
changes in proportion to the cosine of the angle between the two magnetization directions of a 
layer. 

[0006] The laminating magnetism structure of resulting in high MR change produced by anti- 
parallel alignment of the magnetization in a magnetic layer to JP,2-61572,A is indicated. As an 
usable material, ferromagnetic transition metals and a ferromagnetic alloy are mentioned in the 
specification of the above-mentioned open official report by the laminated structure. Moreover, 
it is indicated as the structure which added the layer made to fix to one side of the two-layer 
ferromagnetism [ at least ] layer separated by the interlayer, and a layer made to fix that FeMn 
is suitable. 

[0007] Moreover, it has the two-layer thin film layer of the ferromagnetic divided by the thin film 
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layer of a non-magnetic metal object, when an impression magnetic field is zero, JP,4-358310,A 
and the magnetization direction of two ferromagnetic thin membrane layers cross at right angles, 
resistance between two uncombined ferromagnetic layers changes in proportion to the cosine of 
the angle between the two magnetization directions of a layer, and MR sensor independent of 
the direction of the current passing through the inside of a sensor is indicated. 
[0008] Furthermore, MR sensor based on the above-mentioned effect that magnetization of the 
antiferromagnetic substance layer which adjoins including the thin film layer of two 
ferromagnetics separated in the thin film layer of a non-magnetic metal material when an 
external impression magnetic field is zero is kept perpendicular to JP,6-203340,A to the 
ferromagnetic layer of another side is indicated. 

[0009] Again furthermore, to JP,9-282618,A The spin bulb by which the laminating of two or 
more layers of the magnitude corresponding to the width of recording track of magnetic- 
recording data medium was carried out. Adjoin the both sides of a spin bulb, and it is arranged, 
and has a magnetic-domain control layer and one pair of electrodes which the laminating was 
carried out on the magnetic-domain control layer, and were connected to the spin bulb and the 
electric target. An electrode spacing is the magneto-resistive effect arm head characterized by 
being formed more narrowly than the width of face of a spin bulb layer, and the case where an 
insulating layer does not exist between an electrode and a spin bulb layer is indicated. 
[0010] 

[Problem(s) to be Solved by the Invention] Drawing 1 8 shows the conceptual diagram of an 
example of the conventional magneto-resistive effect layer head. By this example, when the core 
of the direction of a truck of the magneto-resistive effect layer 3 is made into a criteria location, 
the portion nearest to this criteria location shows the magneto-resistive effect element located 
more near the criteria location concerned among the vertical bias layers 4 as compared with the 
portion nearest to this criteria location among the electrode layers 6 of a pair. 
[001 1] Drawing 1 8 is a cross section at the time of cutting the abbreviation core of an element 
in respect of being parallel to an ABS (Air Bearing Surface) side. The laminating of the bottom 
gap layer 2 is carried out on the bottom shield 1, and the spin bulb (SV) layer 3 which is a 
magneto-resistive effect layer is arranged on it. The SV layer 3 which is this magneto-resistive 
effect layer has suitable magnitude, for example, the width of recording track of a record medium 
which is not illustrated and the width efface which corresponded mostiy, is pattemized, adjoins 
those right and left in the both ends of the SV layer 3 to which the vertical bias layer 4 was 
patternized, and is arranged. 

[0012] Furthermore, it is installed so that the electrode layer 6 of the pair patternized on it may 
lap with the at least 1 section of the vertical bias layer 4 and the magneto-resistive effect layer 
3. The laminating of the top gap layer 7 and the top shield layer 8 is carried out further on it. It is 
the feature that each point of the electrode layer 6 of a pair is nearer than the location which is 
in contact with the magneto-resistive effect layer 3 of the vertical bias layer 4 by the core of 
the magneto-resistive effect layer 3 at this time. 

[0013] With the element of such structure, magnetization of a magneto-resistive effect layer 
edge is being fixed by the vertical bias layer 4, and it does not have sensitivity to the leakage 
magnetic field from a record medium. Then, it is a primary aim by considering as structure like 
drawing 1 8 that magnetic field sensitivity with a high center section and magnetic-domain 
control of the magnetic force sencor by the vertical bias layer 4 can be reconciled by bypassing 
the edge concerned and passing sense current only at the place more near the center of the 
magneto-resistive effect layer 3. 

[0014] However, if a prototype is actually built and it sees, an inflow outflow is carried out at the 
magneto-resistive effect layer 3 not only from the point of the electrode layer 6 but from the 
portion which retreated from the tip, this becomes a cause, the width of recording track of the 
reproducing head spreads rather than the distance between tips of the electrode layer 6 of a 
pair (electrode spacing), and the formation of a ** truck is difficult for sense current. 
[0015] This invention is providing with a magnetic storage system the magneto-resistive effect 
element corresponding to the formation of a ** truck which can reconcile magnetic field 
sensitivity with a high center section, and magnetic-domain control of the magnetic force sencor 



http:/ / www4.ipdljpo.go jp/cgi-bin/tran_web^cgi_eije 



2003/12/22 



3/10^— v 



by vertical bias and a magneto-resistive effect arm head and the magnetic-reluctance 
detection-system list which used it by bypassing an edge and passing sense current only at the 
place more near the center section of the magneto-resistive effect layer. 
[0016] 

[Means for Solving the Problem] A magneto-resistive effect layer which has width of face 
corresponding to recording track width of face of magnetic-recording data medium mostly 
according to this invention. It is a magneto-resistive effect element containing a vertical bias 
layer which adjoined both sides of this miagneto-resistive effect layer, and has been arranged, 
and an electrode of a pair which was prepared on this vertical bias layer and connected to said 
magneto-resistive effect layer and electric target. A magneto-resistive effect element 
characterized by having prepared an insulating layer between said vertical bias layers and said 
electrodes, and for some electrodes of said pair having contacted said magneto— resistive effect 
layer, and forming a gap of an electrode of said pair more narrowly than width of face of said 
magneto-resistive effect layer is obtained. 

[0017] Moreover, a vertical bias layer which according to this invention adjoined both sides of a 
magneto-resistive effect layer and this magneto-resistive effect layer, and has been arranged. 
When a core of the direction of a truck of said magneto-resistive effect layer is made into a 
criteria location including an electrode of a pair which was prepared on this vertical bias layer 
and connected to said magneto-resistive effect layer and electric target A portion nearest to 
said criteria location is the magneto-resistive effect element it was made to be located near said 
criteria location rather than a portion nearest to said criteria location among said vertical bias 
layers among said electrodes. Even if [ a part of ] there are few said vertical bias layers and said 
magneto-resistive effect layers, an insulating layer is formed upwards. A magneto-resistive 
effect element to which a location nearest to said criteria location is characterized by being, 
located in the middle with a portion nearest to said criteria location among said electrodes 
among a portion nearest to said criteria location and said vertical bias layer among this insulating 
layer is obtained. 

[0018] Furthermore, according to this invention, a shield mold magneto-resistive effect arm head 
characterized by including a bottom shield formed on a base, an above-mentioned magneto- 
resistive effect element formed through a bottom gap insulating layer on it. and a shield after 
being formed through a top gap insulating layer on it is obtained. 

[0019] Moreover, according to this invention, a magnetic-reluctance detection system 
characterized by including a means which produces current which passes along an above- 
mentioned magneto-resistive effect element and said above-mentioned magneto-resistive effect 
element, and a means to detect resistivity change of said magnetic resistance element as a 
function of a magnetic field detected is obtained. 

[0020] Furthermore, according to this invention, a magnetic-reluctance detection system 
characterized by including a means which produces current which passes along an above- 
mentioned shield mold magneto-resistive effect arm head and said above-mentioned magneto- 
resistive effect arm head, and a means to detect resistance rate of change of said magneto- 
resistive effect arm head as a function of a magnetic field detected is obtained. 
[0021] Furthermore, in order to move a magnetic-recording system, the above-mentioned 
magnetic-reluctance detection system, and said magnetic-recording system and said magnetic- 
reluctance detection system for making data memorize on magnetic storage data medium which 
has two or more trucks for data logging, and this magnetic storage data medium again to a truck 
with which said magnetic storage data medium was chosen according to this invention, a 
magnetic-storage system characterized by including an actuator means combined with a 
magnetic-recording system and a magnetic-reluctance detection system is obtained. 
[0022] In a magneto-resistive effect element, a shield mold magneto-resistive effect arm head, a 
magnetic-reluctance detection system, and a magnetic storage system of such a configuration, 
since an insulating layer is prepared in the upper part of a vertical bias layer which is in contact 
with a patternized magneto-resistive effect layer near the magneto-resistive effect layer edge 
and an electrode layer is arranged on it, sense current does not flow into an edge of a magneto- 
resistive effect layer through a direct or length bias layer. 
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[0023] The magnetization direction of a magnetosensitive layer which forms a magnetotresistive 
effect layer is being fixed» and a magneto-resistive effect layer edge has stopped having the 
sensitivity to a magnetic field by touching a vertical bias layer. Therefore, that sense current 
does not pass this portion contributes to improvement in an output of a magneto-resistive 
effect layer. An electrode layer will avoid a magneto-resistive effect layer edge, and will be 
connected to a core from that of a magneto-resistive effect layer. Since near the center of a 
magneto-resistive effect layer is a portion from which the magnetization direction of a 
magnetosensitive layer which constitutes it changes a lot to a magnetic field, that sense current 
passes this portion preferentially contributes to improvement in an output of a magneto- 
resistive effect layer. 

[0024] Furthermore, since the magnetization direction becomes easy to change with magnetic 
fields from an edge at which a magnetosensitive layer is in contact with a vertical bias layer 
gradually towards a core, a sensitive portion exists a magnetic field in a portion from a center 
halfway for a while from an endmost part. If sense current passes such a portion, in case leakage 
magnetic field information on recorded data medium will be detected, a field which detects a 
magnetic field halfway exists in an edge of the direction of a truck. It is that the width of 
recording track of this, at i.e.. the time of playback, spreads, and means that track density 
cannot be raised. 

[0025] If structure of this invention is used, since it also covers such a field that detects a 
magnetic field from data medium halfway by insulating layer and sense current can be prevented 
from flowing, effectual truck broadening can also be pressed down. On the other hand, since a 
magneto-resistive effect layer edge is directly in contact with a vertical bias layer, dynamic 
coercive force of a magneto-resistive effect layer is controlled sufficiently small, and it can 
control a Barkhausen noise at the time of playback sufficiently small. The ^ truck reprocbicing 
head which has a big playback output and a small Barkhausen noise is realizable with the above 
principle. 
[0026] 

[Embodiment of the Invention] It explains to details, referring to a drawing per gestalt of 
operation of this invention below. Drawing 1 is a cross section at the time of cutting the 
playback section of the typical record reproducing head which applied this invention in parallel 
with an ABS side. With this configuration, the bottom shield layer 1 is formed on the base which 
is not illustrated probably. The bottom [ this ] shield layer 1 is pattemized by the suitable 
configuration. The bottom gap layer 2 is formed on the bottom shield layer 1 . and the magneto- 
resistive effect layer 3 further patternized on it is formed. This magneto-resistive effect layer 3 
is pattemized by the width of recording track of the record medium which is not illustrated, and 
the magnitude (width of face) which corresponded mostly. 

[0027] It is formed in the edge of the magneto-resistive effect layer 3 so that the vertical bias 
layer 4 may touch or it may run aground in part. Even if [ a part of ] there are few vertical bias 
layers 4 and magneto-resistive effect layers 3, upwards, the insulating layer 5 is formed. Here, 
when the core of the direction of a truck of the magneto-resistive effect layer 3 is made into a 
criteria location, the location nearest to the criteria location concerned is established in the 
location near [ portion / nearest to the criteria location concerned ] the criteria location 
concerned among the vertical bias layers 4 among insulating layers 5. 

[0028] Furthermore, even if [ a part of ] there are few insulating layers 5 and magneto-resistive 
effect layers 3. upwards, the electrode layer 6 of a pair is arranged. Therefore, the point of the 
electrode layer 6 of a pair contacts the magneto-resistive effect layer 3. and the gap of the 
electrode of a pair is narrower than the width of face of the magneto-resistive effect layer 3. 
Current can be passed only to the core where sensitivity is high, without passing sense current 
into the portion which does not have the sensitivity to the inner magnetic field of a 
magnetosensitive layer by taking such structure, and the portion which has sensitivity halfway. 
[0029] Drawing 2 is the concrete example of the structure shown in drawing 1 , and it touches in 
the location distant from the magneto-resistive effect layer 3 with this structure, without the 
electrode layer 6 and the vertical bias layer 4 minding an insulating layer 5. Thus, even if the 
electrode layer 6 and the vertical bias layer 4 have touched directly, if the location which has 
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touched is distant from the location where the electrode layer 6 and the magneto-resistive 
effect layer 3 have touched directly enough, since current flows the low electrode layer 6 of 
resistance preferentially, without sense current bypassing the vertical bias layer 4 with high 
resistance, current will not flow the edge of the magneto-resistive effect layer 3. Of course, it 
does not matter at all even if the electrode layer 6 and the vertical bias layer 4 do. not touch at 
all. 

[0030] Drawing 3 is the plan which looked at the playback section of the typical record 
reproducing head of this invention from the direction perpendicular to an ABS side. Each location 
shown by A-H has composition of the following [ Hazama / from a base to a top shield (common 
pole) ], respectively- 

[0031] Location A: a base / bottom shield layer / bottom gap layer / magneto-resistive effect 
film / top gap layer / top — a shield layer location B:base / bottom shield layer / bottom — a 
gap layer / magneto-resistive effect film / electrode layer / top gap layer — a shield-on /layer 
location C:base / a bottom shield layer — the bottom gap layer of // magneto-resistive effect 
film / insulating layer / electrode layer / top GYA A PPU layer / top shield layer location D: a 
base / bottom shield layer / bottom gap — a layer / vertical bias layer / insulating layer / 
electrode layer / top — a gap layer / top shield layer location E:base / bottom — a shield 
layer / bottom gap layer / vertical bias layer / insulating layer — a /top gap layer / top shield 
layer location Rbase / bottom shield They are a gap layer / insulating layer / top gap layer / top 
shield layer a shield layer location H:base / bottom shield layer / bottom a gap layer / top shield 
layer location Gibase / bottom a shield layer / bottom gap layer / top gap layer / top a layer / 
bottom gap layer / insulating layer / electrode layer / top. 

[0032] Although the case where a vertical bias layer and an electrode layer are completely 
insulated by the insulating layer shows here, even if the part touches as mentioned above, it is 
satisfactory if it is distant from the location where the electrode and the magneto-resistive 
effect film have touched enough. Moreover, other configurations are sufficient although the case 
where the configuration of a vertical bias layer was a rod-like here was shown. Moreover, a 
substrate layer can also be prepared in each lower part of a bottom shield layer, a bottom gap 
layer, a vertical bias layer, an electrode layer, an insulating layer, a magneto-resistive effect film, 
a top gap layer, and a top shield layer, and an up layer or a protective layer can also be prepared 
in the upper part. 

[0033] Next, the typical example of the details of each structure is described. As an element 
which constitutes each class, the following materials serve as a strong candidate. 
[0034] Base: Al Chick, SiC, an alumina, Al Chick / alumina two-layer, SiC / alumina two-layer 
Bottom shield layer; the simple substance, multilayers, and mixture which consist of NiFe, CoZr 
or CoFeB. CoZrMo, CoZrNb. CoZr. CoZrTa. CoHf, CoTa, CoTaHf, CoNbHf, CoZrNb, CoHflPd, 
CoTaZrNb, a CoZrMoNi alloy. FeAISi, a nitriding iron system material, a MnZn ferrite, a NiZn 
ferrite, and a MgZn ferrite. 

[0035] Electrode layer The simple substance, multilayers, and mixture which consist of Au, Ag, 
Cu, Mo, W, Y, Ti. Zr, Hf, V, Nb, Pt, and Ta. 

[0036] Insulating layer. The simple substance, multilayers, and mixture which consist of aluminum 

oxide. Si oxide, alumimium nitride, silicon nitride, and diamond-like carbon. 

[0037] Bottom gap layer: The simple substance, multilayers, and mixture which consist of 

aluminum oxide, Si oxide, alumimium nitride, silicon nitride, and diamond-like carbon. 

[0038] Top gap layer: The simple substance, multilayers, and mixture which consist of aluminum 

oxide. Si oxide, alumimium nitride, silicon nitride, and diamond-like carbon. 

[0039] Vertical bias film: The simple substance, multilayers, and mixture which consist of 

CoCrPt. CoCr. CoPt. CoCrTa. FeMn, NiMn. nickel oxide, a NiCo oxide, Fe oxide, a NiFe oxide. 

IrMn, PtMn. PtPdMn. ReMn. a Co ferrite. and a Ba ferrite. 

[0040] The thing of the following configurations can be used as a magneto-resistive effect film. 
[0041] protective-layer base [ an enhancing layer / non-magnetic layer / 2nd MR enhancing 
layer / free layer / ]/base / substrate layer/ — free — the layer / protective layer base / 
substrate layer of which a layer / 1st MR enhancing layer / non-magnetic layer / 2nd MR 
enhancing layer / fixed bed / immobilization is done / layer [ which is made to fix ] / fixed- 
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bed/ — the 1st MR ( — substrate layer/ — free — layer base/(the layer / fixed bed / the 1st MR 
enhancing made to fix a substrate layer / a layer / non-magnetic layer / 2nd MR enhancing 
layer / free layer / protective layer) which carried out N time repeat laminating of the layer / 
protective layer) of which a layer /1st MR enhancing layer / non-magnetic layer / 2nd MR 
enhancing layer / fixed bed / immobilization is done substrate layer [ a layer / protective layer 
base / ]/layer base / substrate layer /1st layer/fixed bed /1st MR enhancing layer / non- 
magnetic layer / 2nd MR enhancing layer / free layer / 3rd MR enhancing layer / non-magnetic 
layer / 4th MR enhancing layer / 2nd fixed-bed/ — it is made to fix the 2nd time — [ which 
carried out N time repeat laminating ] [ which is made to fix the 1 st time ] ( — layer (N is one or 
more) / fixed-bed / protective layer base / substrate layer/(a free layer) which carried out N 
time repeat laminating of the fixed bed /1st MR enhancing layer / non-magnetic layer / 2nd MR 
enhancing layer / free layer / non-magnetic layer /) the /1st MR enhancing — the [ a free 
layer / protective layer base / / the layer (N is one or more) which carried out N time repeat 
laminating of layer / non-magnetic layer / 2nd MR enhancing layer / fixed-bed / non-magnetic 
layer// / substrate layer / fixed bed / ] — one MR enhancing layer / non-magnetic layer / 2nd 
MR enhancing layer — a /free layer / protective layer base / substrate layer / free layer / the 
1st MR — an enhancing layer / non-magnetic layer / 2nd MR enhancing layer / fixed bed / 
protective layer. 

[0042] As a substrate layer, the monolayer and the mixture film which consist of a metal, an 
oxide, and a nitride, or multilayers is used. Specifically, the monolayer and the mixture film which 
consist of the oxide or nitride of Ta» Hf, Zr, W, Cr. Ti, Mo. Pt, nickel. Ir, Cu, Ag. Co, Zn, Ru, Rh. 
Re, Au, Os, Pd. Nb, V. and these materials, or multilayers is used. 

[0043] As an alloying element. Ta. Hf. Zr. W. Cr. Ti. Mo. Pt nickel. Ir. Cu. Ag. Co. Zn. Ru. Rh. Re. 
Au. Os. Pd. Nb. and V can also be used A substrate layer may not be used. 
[0044] As a free layer. NiFe. CoFe. NiFeCo. FeCo, CoFeB. CoZrMo. CoZrNb. CoZr. CoZrTa. 
CoHf. CoTa, CoTaHf, CoNbHf. CoZrNb. CoHfPd. CoTaZrNb, a CoZrMoNi alloy, or an amorphous 
magnetic material can be used. 

[0045] The materials with which the candidate of a non-magnetic layer material turns into a 
candidate by the case with the magneto-resistive effect film with which the magneto-resistive 
effect film used the electric conduction non-magnetic layer for the case where it is a 
ferromagnetic tunnel junction film, and the non-magnetic layer differ. As a non-magnetic layer 
(barrier layer) of a ferromagnetic tunnel junction film, the mixture of an oxide, a nitride, an oxide, 
and a nitride or a metal / oxide two-layer film, a metal / nitride two-layer film, and a metal / 
(mixture of an oxide and a nitride) two-layer film are used. 

[0046] Ti. V. Cr. Co. Cu. Zn. Y. Zr. Nb. Mo, Tc. Ru. Rh. Pd. Ag. Hf. Ta. W. Re. Os, Ir, Pt, Au. Si, 
aluminum. Ti, Ta, Pt, nickel, Co, Re, and V The simple substance of an oxide and a nitride. 
Multilayers, mixture, or Ti, V, Cr, Co, Cu, Zn, [ these, and ] The simple substance of the oxide of 
Y. Zr. Nb. Mo, Tc, Ru. Rh. Pd. Ag. Hf. Ta. W. Re. Os. Ir. Pt. Au. Si. aluminum, Ti. Ta. Pt, nickel, Co, 
Re. and V and a nitride, multilayers, and a cascade screen with mixture serve as a strong 
candidate. 

[0047] In the case of the magneto-resistive effect film which used the electric conduction non- 
magnetic layer for the non-magnetic layer Ti. V, Cr. Co. Cu. Zn. Y, Zr, Nb. Mo. Tc, Ru, Rh. Pd. Ag, 
Hf, Ta. W. Re. Os, Ir. Pt. The simple substance of Au, Si. aluminum, Ti, Ta, Pt, nickel, Co, Re. and 
V. Multilayers, mixture, or Ti. V, Cr, Co, Cu, Zn, [ these, and ] The simple substance of Y, Zr, Nb, 
Mo. Tc. Ru. Rh. Pd, Ag, Hf. Ta, W, Re. Os, Ir. Pt, Au. Si, aluminum. Ti. Ta. Pt. nickel, Co. Re, and V, 
multilayers, and a cascade screen with mixture serve as a strong candidate. 
[0048] As a 1st and 2nd MR enhancing layer, CoFeB(s), such as Co. NiFeCo. and FeCo, or 
CoZrMo. CoZrNb, CoZr. CoZrTa. CoHf. CoTa. CoTaHf. CoNbHf. CoZrNb. CoHfPd, CoTaZrNb. a 
CoZrMoNi alloy, or an amorphous magnetic material is used. Although MR ratio falls a little 
compared with the case where it uses when not using MR enhancing layer, the routing counter 
which production takes only a part not to use decreases. 

[0049] As the fixed bed. NiFe, CoFe. NiFeCo, FeCo, CoFeB. CoZrMo. CoZrNb. CoZr. CoZrTa, 
CoHf. CoTa. CoTaHf. CoNbHf. CoZrNb. CoHfPd. CoTaZrNb, a CoZrMoNi alloy, or an amorphous 
magnetic material can be used. Or it is also possible to use the cascade screen which combined 
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these, and the simple substance which consists of a group who uses Ti. V. Cr. Co. Cu. Zn, Y, Zr. 
Nb, Mo. Tc, Ru, Rh, Pd, Ag. Hf, Ta, W. Re, Os, Ir, Pt Au, Si. aluminum. Ti, Ta. Ft nickel. Co. Re, 
and V as the base, an alloy or a cascade screen. 

[0050] Co/Ru/Co. CoFe/Ru/CoFe. CoFeNi/Ru/CoFeNi. Co/Cr/Co. CoFe/Cr/CoFe, and 
CoFeNi/Cr/CoFeNi are strong candidates. 

[0051] As a layer made to fix. nickel oxide / mixture [ of FeMn, NiMn. IrMn. RhMn. PtPdMn. 
ReMn, PtMn. PtCrMn. CrMn. CrAI. TbCo. nickel oxide Fe oxide nickel oxide the mixture of Co 
oxide and nickel oxide, and Fe oxide ] and Co oxide twoHayer film, nickel oxide / Fe oxide two- 
layer film. CoCr, CoCrPt, CoCrTa. PtCo. etc. can be used. 

[0052] The material which added Ti. V, Cr, Co, Cu. Zn. Y. Zr. Nb. Mo. Tc. Ru. Rh. Pd, Ag. Hf. Ta, 
W, Re. Os, Ir. Pt, Au, Si. aluminum. Ti. and Ta to PtMn or PtMn is a strong candidate. 
[0053] As a protective layer, the mixture of an oxide, a nitride, an oxide, and a nitride or a 
metal / oxide two-layer film, a metal / nitride two-layer film, and a metal / (mixture of an oxide 
and a nitride) two-layer film are used. Ti. V. Cr, Co. Cu. Zn, Y, Zr, Nb, Mo, Tc, Ru, Rh. Pd, Ag, Hf, 
Ta, W, Re. Os, Ir. Pt, The oxide of Au, Si, aluminum, Ti, Ta, Pt. nickel. Co. Re. and V, and the 
simple substance of a nitride. Multilayers, mixture, or Ti, V. Cr. Co. Cu. Zn, [ these, and ] The 
simple substance of the oxide of Y, Zr, Nb, Mo. Tc. Ru, Rh, Pd, Ag, Hf. Ta. W. Re, Os, Ir, Pt, Au, 
Si, aluminum. Ti, Ta. Pt, nickel, Co, Re. and V and a nitride, multilayers, and a seat layer 
membrane, with mixture serve as a strong candidate. A protective layer may not use. 
[0054] Next, in drawing 4 - drawing 13 . the typical creation procedure of each arm head of 
structure which showed the example of representation in drawing 1 - drawing 3 is shown. AH 
over drawing, the element appearance in which the thick line was newly formed in the production 
process in the element appearance in which the thin line was formed at the former production 
process is shown. Moreover, at the actual production process, by forming the following element 
on the formed element, although it disappears altogether or disappears very much, the 
continuous line has also described that the original element appearance is partial or all the 
elements that are hidden by the bottom of an element here for understandability. 
[0055] After forming a bottom shield layer, forming PR (photoresist) on a base, pattemizing by 
milling and a remover s removing PR, a bottom gap layer is formed ( drawing 4 ). Next, a 
magneto-resistive effect film is formed, PR for magneto-resistive effect film pattemizing are 
formed on it, and it pattemizes by milling. PR removal is not performed in this phase ( drawing 
5). 

[0056] Next, PR removal is carried out after forming PR for vertical bias layer pattemizing after 
it forms a vertical bias layer and lift off removes the vertical bias layer on a magneto-resistive 
effect film, and pattemizing by milling ( drawing 6 ). Next, PR are removed, after forming an 
insulating layer in the whole surface, forming PR for insulating-layer pattemizing and pattemizing 
an insulating layer by milling ( drawing 7 ). 

[0057] Next, after forming PR for electrode lift off and forming an electrode layer on the whole 
surface, an electrode layer is pattemized by lift off ( draw ing 8 ). On an electrode layer, an 
electrolyte thickness attachment layer can be formed for electrode resistance reduction. After 
forming PR for electrolyte thickness attachment layer lift off and forming an electrolyte 
thickness attachment layer on the whole surface, an electrolyte thickness attachment layer is 
pattemized by lift off ( drawing 9 ). 

[0058] Next, a top gap layer is formed on the whole surface, and PR are removed, after forming 
the method PR of electrode piercing and removing the gap layer on the polar zone by milling 
( drawing 10 ). Next, a top shield is formed and pattemized. Usually, a frame resist is formed, and 
after forming a top shield layer by plating, it is based on the method of removing a frame resist 
( drawing 1 1 ). Next, although the recording head section is formed, since what kind of thing may 
be used as a recording head here, concrete structure is not described ( drawing 12 ). Next, it 
wraps in parallel with an ABS side, and element height is determined at the same time it removes 
an unnecessary portion ( drawing 13 ). 

[0059] Next, the outline of the magnetic-reluctance detection system which applied the 
magneto-resistive effect element of this invention is explained with reference to drawing 14 . In 
addition, in drawing 1 4 , the same sign shows drawin g 1 and an equivalent portion. As shown in 
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drawing 14 , the sense current source 21 and the sense circuit 22 are connected to juxtaposition 
at each of the electrode 6 of a pair. Sense current is passed by the magneto-resistive effect 
element from the sense current source 21, and it flows from the left lateral electrode in drawing 
(+ side) to a right lateral electrode (- side) through near the center of the magneto-resistive 
effect layer 3. 20 shows the current path in this case. This sense current value is set as the 
fixed value. 

[0060] The sense circuit 22 detects the voltage between the electrodes 6 of a pair, since the 
resistance changes with the directions of the magnetic field impressed to it, resistance change 
turns into an inter-electrode voltage change on either side, and the magneto-resistive effect 
layer 3 will appear, when sense current is fixed. Therefore, by detecting this voltage change, 
resistance change of the magneto-resistive effect layer 3 can be detected, and the direction and 
magnitude of a magnetic field which are further impressed to the magneto-resistive effect layer 
3 can be detected. That is, it has the composition of detecting resistivity change of a magneto- 
resistive effect layer in the sense circuit 22 as a function of the magnetic field which should be 
detected. 

[0061] Next, the example of application to the record reproducing head and the record 
regeneration system of this invention is shown. Drawing i 5 is the conceptual diagram of the 
record reproducing head which applied this invention. The arm head is formed on the base 42 
from the reproducing head 45 and the recording head which consists of a magnetic pole 43, a 
coil 41, and a top magnetic pole 44. Even if common [ in an up shield film and a lower magnetic 
film ] at this time, it does not matter even if it prepares independently. By this arm head, a signal 
is written in on a record medium and a signal is read in a record medium. A part for the sensor of 
the reproducing head and the magnetic gap of a recording head are forming in the location put 
on this appearance on the same slider, and positioning is possible for a rack in it being the same 
at coincidence. This arm head was processed into the slider and rt carried in the magnetic 
recorder and reproducing device. 

[0062] Drawing 16 is the conceptual diagram of a magnetic recorder and reproducing device 
which used the magneto-resistive effect element of this invention. On the substrate 52 which 
serves as a head slider, the reproducing head 51 and a recording head 50 are formed, and it 
reproduces by positioning this on a record medium 53 with an actuator (not shown). A record 
medium 53 rotates, and a head slider opposes in the state of a height of 0.2 micrometers or less, 
or contact, and motions a record-medium 53 top relatively. According to this device, the 
reproducing head 51 is set as the location which can read in that leakage magnetic field 54 the 
magnetic signal recorded on the record medium 53. 
[0063] 

[Example] The arm head of structure drawing 1 and given in drawing 3 was created. Under the 
present circumstances, as a magneto-resistive effect film, /ZK3nm)/Pt46Mn54 
(1 5nm)/Co90Fe1 0(2nm)/Ru(0.8nm)/Co90Fe1 0(2nm)/Cu(2nm)/Co90Fe1 0(0.5nm)/nickel82Fe1 8 
(4nm) / Ta (3nm) was used. 

[0064] It carried out after film formation, impressing the magnetic field of 8kOe(s) in the 
direction which intersects perpendicularly 250 degrees C and heat treatment of 5 hours with the 
magnetic field at the time of membrane formation. In patterning of the MTJ section in the case 
of a head prototype, patterning of the MTJ film was altogether carried out to Zr of the lowest 
layer. Pattern NINGU was performed by milling a magneto-resistive effect film in a 0.3Pa pure Ar 
gas ambient atmosphere with usual milling equipment. Milling was performed from the 
perpendicular direction to the film surface. 

[0065] The following were used as each element which constitutes an arm head. 

[0066] Base — Thing reproducing-head subordinate shield layer which carried out 10- 

micrometer laminating of the alumina with a thickness of 2mm on Al Chick — Co89Zr4Ta4Cr3 (1 

micrometer) presentation is below the same at%. 

Bottom gap layer — Alumina (20nm) 

Electrode layer — Ta (1.5nm) / Au (40nm) / Ta (3nm) 

Electrolyte thickness attachment layer — Ta (1.5nm) / Au (240nm) / Ta (3nm) 
Insulating layer — Alumina (20nm) 
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Vertical bias layer — Cr (10nm)/Co74.5 CrlO.5 Pt15 (24nm) 
Top gap layer — Alumina (40nni) 

Top shield layer — The bottom pole of a recording head, and community (common pole) 

Recording head section common pole substrate — nickel82Fe18 (90nm) 

Common pole — nickel82Fe1 8(2.5 micrometers)/Co65nickell2Fe23 (0.5 micrometers) 

Record gap — Alumina (0.3 micrometers) 

It attaches gap thickness. — Alumina (0.7 micrometers) 

Coil substrate — Cr (30nm)/Cu (150nm) 

Coil — Cu (4.5 micrometers) 

Top pole substrate — Ti(10nm)/Co65nickell2Fe23 (0.1 micrometers) 

Top pole — Co65nickel12Fe23(0.5 micrometers)/nickel82Fel8 (3.5 micrometers) 

Terminal substrate — Cr (30nm)/Cu (150nm) 

Terminal — Cu (50 micrometers) 

Overcoat — Alumina (52 micrometers) 

Golden terminal substrate — Ti(10nm)/nickel82Fe18 (0.1 micrometers) 
Golden terminal — Au (3 micrometers). 

[0067] The creation procedure of an arm head was carried out as follows. 
[0068] Reproducing-Head Section Creation Substrate Washing -> 1 . Bottom Shield Membrane 
Formation And annealing -> Alignment mark formation The bottom Shield-under -> pattern 
NINGU (-formation -> taper processing -> resist removal) -> The gap formation (-formation -> 
membrane formation -> lift off) -> magneto-resistive effect element formation (membrane 
formation -> twoHayer-formation -> milling) -> length bias stratification (-formation -> pattern 
NINGU -> resist removal) -> insulating-layer formation (Membrane formation ->-formation -> 
milling -> PR removal) -> The electrode stratification (Insulating-layer membrane formation ->- 
formation -> milling -> PR removal) -> Electrolyte thickness attachment formation (Hbrmation - 
> membrane formation -> lift off) (-formation -> membrane formation -> lift off) -> pole height 
monitor formation (-formation -> membrane formation -> lift off) -> — top electrolyte thickness 
attachment (-formation -> membrane formation -> lift off) -> — top gap formation (membrane 
formation) -> — a top — gap layer punching-formation -> milling ->-removal. 
[0069] 2. Recording Head Section Creation Common Pole Formation -> pole height stopgap 
resist -> gap membrane formation -> gap thickness attachment formation (-formation -> 
membrane formation -> lift off) -> (The 2nd substrate membrane formation -> frame PR 
formation -> Common pole plating -> covering PR formation -> chemical etching -> substrate 
removal) PW (the top pole and the common pole) The pole formation for connecting magnetically 
-> coil formation SCI resist (1 of resist ** for securing insulation of coil) formation -> coil 
formation (substrate membrane formation ->H^ormation -> coil plating -> chemical etching -> 
substrate removal) -> (-formation -> milling -> PR removal) SC2 resist (the insulation of a coil) 
2 formation -> gap adjustment milling of resist ** for securing -> top pole formation () 
[ substrate membrane formation -> frame resist formation -> up pole plating -> plating annealing 
-> substrate removal -> covering-formation -> chemical etching -> substrate removal - 
>Focused ] The pole trim processing -> terminal formation (substrate membrane formation ->- 
formation -> terminal plating -> chemical etching -> substrate removal) -> overcoat membrane 
formation -> terminal lap by Ion Beam milling equipment -> golden terminal plating (substrate 
membrane formation ->-formation -> golden terminal plating -> substrate removal). 
[0070] 3. The photoresist hardening production process of the coil section creation time of the 
installation write-in head section to the DLC membrane formation -> slider processing -> 
suspension to a production process row cutting ->ABS side processing lap ->ABS side was 
made into 200 degrees C and 2 hours the back, the coercive force of data medium — 5.0 — kOe 
(s) and MrT — 0.35 memu/cm2 ** — it carried out The playback output was measured using 
the arm head made as an experiment. 

[0071] Record playback of the data was carried out on CoCrTa system data medium using this 
arm head. Under the present circumstances, in the write-in width of recording track (top pole 
width efface). 0.7 micrometers and a write-in gap set 0.12 micrometers and the reading width of 
recording track to 0.5 micrometers in the distance between two Au electrode tips on a mask 
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(layout value). The arm head of the configuration (conventional example) of drawing 18 which 
skipped and made the production process of the insulating-layer formation (insulating-layer 
membrane formation ->-formation -> milling -> PR removal) -> electrode stratification (- 
formation -> membrane formation -> lift off) as an experiment with the same configuration was 
made as an experiment, and a playback output. Wiggle, and effectual regenerative-track width of 
face were compared. The result is shown in the chart for a comparison of drawing 17 . 
[0072] Although the conventional example of the playback output was slightiy higher, and Wiggle 
was comparable as the conventional example and it was one with this most important point, 
effectual regenerative-track width of face became the completely same value as 0.5 
micrometers and a layout value from 0.8 micrometers and a layout value in the example of 
application of this invention to having been large in the conventional example. 
[0073] As compared with the conventional example, the effectual width of recording track is 
small by leaps and bounds, and it means that it can respond to truck playback. It is the result 
of saying that about 1.6 times as many high density record as this is enabled. This bypasses the 
portion to which sense current is fixed to by application of this invention, and the magnetization 
direction is being fixed by vertical bias among the magnetic force sencors of a magneto-resistive 
effect film, and the portion it has been hard coming to move, and is considered because the 
magnetization direction near a magnetic force sencor center concentrates only on the portion 
which changes with external magnetic fields easily and it is flowing. 

[0074] Next, the magnetic disk drive made as an experiment with the application of this invention 
is explained. The magnetic disk drive was equipped with the magnetic disk of three sheets on the 
base, and has stored the head drive circuit and the digital disposal circuit, and the input/output 
interface in the base rear face. It connects with the exterior by the 32-bit bus line. Six arm 
heads are arranged in both sides of a magnetic disk. The rotary actuator and drive for driving an 
arm head, the control circuit, and the spindle direct connection motor for disk rotation are 
carried. 

[0075] The diameter of a disk is 46mm and a data surface uses from the diameter of 10mm to 
40mm. Since it does not have a servo surface using an embedding servo system, densification is 
possible. 

[0076] As for this equipment, direct continuation is possible as external storage of a small 
computer. Cache memory is carried in an input/output interface and it corresponds to the bus 
line whose transfer rate is per second 5 to 20 megabytes of range. Moreover, it is also possible 
by placing an external controller and connecting these two or more equipments to constitute a 
mass magnetic disk drive. 
[0077] 

[Effect of the Invention] It is effective in decreasing the effectual regenerative-track width of 
face of the head playback section, and being able to realize the record reproducing head 
corresponding to truck playback by application of this invention. 



[Translation done.] 
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[0 0 2 5] *^?q<Di^jiS:ffllin«. r®J;5J5:4'i^ 



[0 0 2 6] 

mmoymm<Dmm] &.riz:^mm<r)m^<ommz^^ 

izmmvrzm'^<Dmmmx$)^. z-om^-Qit. m-rm 

-jv Ks 1 ±{cttT^^ y ■:fm 2 d^j^fssn, ^ e>tc^ 
<D±tz/t^-yit^tirzm^m.m.mmm 3 dtj^sE^n 

So 

[0 0 2 7] 3 (o^mzit. i^A'-r tx 

®4dts-r'&*v. mrcit—^mo±if^^oizm^titi 

T«r»S. iSEA-f 7X^4RC/«»att^«g3 0i!>;te< 

tt, fff/W7XS4©3^St>^1g[SipfirBtCj5^>S5» 
[0 0 2 81 i»8t®5*iJ:tniaafi6tam@3 

J: ox, -M<Dmmm e co^tssgBd^iK^fitii^m^ 3 »c 

^mmayf^mmzn-r^mm^mzm'^^^^kx^'p'^^^ 

t^izmm.^m-z>^^\z±>xmm'^mr:ii:uuz, ^ 

ST&^iiSVi'f'^gBO^-JcmfiiES^tfg-r C i:*«X#-5(DX* 

s. 

[0 0 2 91 0 2 He* bfc«jft0*fr«W4«^X* 

0. dW-PjgXtt, a^fiJn:5?!i*B3*^6Sttifcfe®Jc 
*5ViX«, «S® 6 tfaEA-f 4 tj&?*gigi^ 5 >^iff 

Tdti^UcSMUXti-S. CO<t'5JC«S8 6t«EA 
-fTXJi4t*tiaSE^bXUXfc. -€-<D«bXV»Sfi[g 

i)mmm e tiK^etn;^^® 3 td^tt^^L-xv^s^M 
/NW T7.m 4 t*t±< i < X t>-iPHw*^i 

(0 0 3 01 0 3«*5E?gwf^«WJ5:IB&fl^'\y H<D 

A B s ®»cSia;>5::^r6)A^ e.^fc¥®^x*s. 

[00 3 11 fi[BA : S«:/T->-;U K@/T^-\' y :/ 



4#^2001-043512 



5 V-/ 



[0 0 3 2) cd-eis. ^my^^Btms^d^jea® 

^^yzfm. JSA-fTxa, jfiiits, amstix 
[0 0 3 3] ;^«cJc, -^-n^no^^jfiosfifflrof^^Wi^c^j 

[0 0 3 4] S«s : T;!/^,^^^, S i C, 7)VS.-r. 7 

— ;WKIi;NiFe. CoZr. ^fcttCoFeB. C 
oZrMo, CoZrNb, CoZr, CoZrTa, 
CoHf. CoTa, CoTaHf. CoNbHf, C 
oZrNb. CoHf Pd. CoTaZrNb. CoZ 
rMoN i F e A 1 S i , Mn Z 

n7i7-fh, NiZn^x^-fh, MgZn:7x5-f 

[0 0 3 5} mMM : Au. Ag, Cu, Mo. W. 

Ti. Zr, Hf. V. Nb. Pt. Tad^^i^S 

[0 0 3 6] : A 1 m<m, S i mit^, mt7 

[0 0 3 7] T=*=+ -y^B : A 1 mitm. S i mit^. 
[0 0 3 8] ±^l"yyB : A 1 g!fl:tJ. S i 
[003 9] «/t'f :CoCrPt, CoCr, 



CoPt, CoCrTa, FeMn. NiMn. NiK 

{tiSo. N i CoKiti^. Fe^ib^, N i F eMiti^. 

I rMn. PtMn. PtPdMn. ReMn. Co7 
i^-fh, Ba^x^-f #BK*J:l^ 

[0 0 4 01 «aS«i^*KtUT(mT©«l^<Dt)© 

[0 04 11 »«:/T«!lB/7U-B/^lMRX>A 
>XB/#®ttB/«2MRX>A>j:^B/S^B/H 
^S-e-SB/»SB 

a«:/T«!B/@3t$-a-SB/@^B/^ 1 MRX>A 
>XB/*JH4B/^ 2 MRX>/\ >;^B/7 U — B/ 

S<*/ (T«SB/7U-B/^1MRX>/\>XB/#M 
«ttB/^2MRX>A>;^B/H3eB/@^$-e-SB 

(TlfeB/H^$-ar^@/'@€B/mi MRX> 

/\ >x m/i>^m.'&m/'% 2 m r x >/n >x b/ 7 u -b 

/«SB) *N@«iOiIbfflB$-&fcB 

mt^y'ri&mym 1 a^t^-s^B/m 1 m^m/^ 1 m 

RX>A>XB/#?8ttB/'^2MRX>yN>XB/7 . 
'J -B/m 3 M R X >/\ >7. B/#fi814B/» 4 M R X 

>A>xB/m 2 m&m/m 2 @^$-frsB/»sis 

««^/T%B/ m&mxm 1 m r x >/\ >x b/#« 

tt®/^ 2 MRX>A>X«/7 U -B/#JattB/) 
*N|lI»piib«IBUfcB (NttlJEUi) /H^B/» 

Si^iXTmmx (:7U-®/^iMRx>/\>7:s/# 

2 MRx w\>x^/:7 ^)—my^mm 

Sfl^/T**/>^ U-&/^ 1 MRX>/N>XB/*« 

ttS/:^ 2 M R X >A >X^/@SS/»S^o 

Ta. Hf, Zr, W. Cr. Tl. Mo. P 

t. Ni> I r. Cu> Ag, Co, Zn, Ru, R 
h. Re, Au, Os, Pd, Nb, V43i:a^cn6C0 

[0 0 4 3] mm7i:mtVX. Ta, H f , Z r, W, 
Cr. Ti, Mo, Pt, Ni, Ir, Cu, Ag, C 
o, Zn, Ru, Rh, Re, Au, Os, Pd, N 

[0044] yV—mtVX\t. NiFe, CoFe, 
NiFeCo, FeCo, CoFeB, CoZrMo, 
CoZrNb, CoZr, CoZrTa, CoHf, C 
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oTa. CoTaHf, CoNbHf. CoZrNb, 
CoHfPd> CoTaZrNb. CoZrMoNi-& 

[0 0 4 5] ^mi^m^m<D^m\tm^t&miMmm 

[0 046] Ti. V, Cr> Co. Cu, Zn, Y. 
Zr. Nb> Mo. Tc> Ru. Rh. Pd. Ag. H 

f. Ta.W. Re, Os> Ir. Pt> Au. Si. 
A K T i , Ta. Pt, Ni. Co. Re. V (Omit^^^lf 

V. Cr. Co. Cu. Zn. Y. Zr. Nb. Mo. 
Tc. Ru. Rh. Pd. Ag. Hf. Ta. W. R 

e. Os. Ir. Pt. Au. Si. Al. Ti. T 
a. Pt. Ni. Co. Re. V (Dmit^^^^Zfmtm 

[0 0 4 7] t^m\tmizmm^m^m^m\^^rcmm.m.^ 

a*IS<^>*i-&tt. Ti. V. Cr. Co. Cu. Zn. 
Y. Zr. Nb> Mo. Tc. Ru. Rh. Pd. A 

g. Hf. Ta. W. Re. Os. Ir. Pt. Au. 
Si. Al. Ti. Ta. Pt. Ni. Co. Re. V 

(omti^. ^mm. m^^m^tc^t^m^LT i. v. c 

r. Co. Cu. Zn. Y. Zr. Nb. Mo. Tc. 
Ru. Rli. Pd. Ag, Hf. Ta. W. Re. O 
s. Ir. Pt. Au. Si. Al. Ti. Ta. Pt. 

Ni. Co. Re. v<o#«:. ^mm. m^^t(omm 

[0 0 4 8] ^l*5ck0^^2MRX>A>XSi:L.T 
ti. Co. NiFeCo. FeCo^. SfctiCoFe 
B. CoZrMo. CoZrNb. CoZr. CoZr 
Ta. CoHf. CoTa. CoTaHf. CoNbH 

f. CoZrNb. CoHfPd. CoTaZrNb. 

coz rMoN i ^^^rcvxyejvy 7 T^matsn^m 
li^o MRx>/\>xs^fflv^)5:i^^'&ji. m^^rcm-^ 

[0 0 4 9] m&mtVT\t. NiFe. CoFe. N 
iFeCo. FeCo. CoFeB. CoZrMo. C 
oZrNb. CoZr. CoZrTa. CoHf. Co 
Ta. CoTaHf. CoNbHf. CoZrNb. C 
oHfPd. CoTaZrNb. CoZrMoNi-^^ 

rci\t. Z.tii>ii. Ti. V. Cr. Co. Cu. Zn. 
Y. Zr. Nb. Mo. Tc. Ru. Rh. Pd. A 

g. Hf. Ta. W. Re. Os. I r. Pt. Au. 



Si. Al. Ti. Ta. Pt. Ni. Co. Re. V 

[00 50] Co/Ru/Co. CoFe/Ru/Co 
Fe. CoF eN i /Ru/CoF eN i . Co/Cr 
/Co. CoFe/C r/CoF e. CoFeNi/C 
r /C o F e N i \tmtlU1S^m^&^o 

[0 0 5 1 1 H^^i^r^StbTtt. F eMn. N i M 
n, I rMn. RhMn, PtPdMn. ReMn, P 
tMn. PtCrMn. CrMn, CrAl. TbC 

o. Nimitm. Femim. n imimhcowtitm 
(om^^. N i mimtF emit^o^m-^^. n \ m^t 
m/co mim 2 mm. n i mit^/ f e mim 2 m 

JK. CoCr. CoCrPt. CoCrTa. PtCo 

[0 0 5 2] P t Mnfeb<fiP t MnfCT i . V. C 
r. Co. Cu. Zn. Y. Zr. Nb. Mo. Tc. 
Ru. Rh. Pd. Ag. Hf. Ta. W. Re. O 
s. Ir. Pt.Au. Si.AKTi. Ta^^JO 

[0 0 5 3] «sBtuT(i. mi^^. mm. mim 
h^it^com^m t> u < \^^mymim 2 mm. ^m/ 
mim2mm. ^m/ {m^mhmimi^<Dm^m) 2 

mm> ^ffll^^o Ti. V. Cr. Co. Cu. Zn. 
Y. Zr. Nb. Mo. Tc. Ru. Rh. Pd. A 
g. Hf. Ta. W. Re. Os. Ir. Pt.Au. 
Si. Al. Ti. Ta. Pt. Ni. Co. Re. V 

(Dmim^^xf^itm<D^^. ^mm. m^m. ^fcti 

Cltie>i:Ti. V. Cr. Co. Cu. Zn. Y. Z 
r. Nb. Mo. Tc. Ru. Rh. Pd. Ag. H 
f. Ta. W. Re. Os, Ir. Pt. Au. Si. 
Al. Ti, Ta. Pt. Ni. Co. Re. V(Dmit 

^:^^Tsmm(D^^. ^mm. u^miKDmmmffi^ 
[0 0 5 4] m 4 --0 1 3 tc;}oi^T. m 1 ---m 3 

[0 0 5 5] »f*:±fcTv-;UHS<&^ab, PR (:7 

L. mmm\z^^FR^w.^vtimz. T^^yzfm^ 
^mr^ (04) o :(K\z. ^m.mm^m^^m\^. 
(D±\zm%mjmm^n^->im<DFR^^^\^. a 

(05) o 
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mz, PR^mii-r^ (0?) . 

[0 0 5 7 J «SU7h;i-7fflPR*}gt«U, ^ 

mzmmm^^mvfzmz, u^h^^iciossesr 

rciif)\zmmmmm'^m0Sir^::iii)^-v^^. mmmn 

mrnvr^mz. uyh^y\z^K)mmmmm^/-^iS'- 
(09) . 

t0 0 5 8j JJctC. ±=*^i'y:/Ji*ife®tC<«l8b, 

J: 5 P R *}gBKLT5 U >ytc J: D««a5±0* 
^5/:/SS-lt0^tifc^lC> PRSr^*-r^ (01 

0) . 'A\z. ±=^—)V}^^m^\^xn^-yift^. m 

oiimzi,^ (01 1) . ^!):tctesi'\-v HSB^j^jsKT^ 

*to?a:ViOT?*frW?5:«jgfc-:?l»Tttffi]*U*Vi (01 

2) o ABS®Jc5FfT{c5-;/f>i^^L, 

gPii-Sr^Sf -Sil^^JC^^SSS^ft^-r^ (01 

3) . 

[0 0 5 91 ^JC, *56?q©ffli^«*i^*3!l^*)Sffl b 

fcfi8aetn;^tli~>X5^A(DiaBS<£0 1 4 Sr#MbiiWr 
f^S, 014tC*3l,iT. 01 tl^^gf^J-til^-^^tC 
T3^bTfc>-5. 014fC^T«lC. — *f©mffi6©#>!r 

{ctt, -fe>;^fiiiefli2 ist^-fe>xiHi8S2 2ifiim\zm 

meta^**^fcdg$nT:feo. 04'®fe(gii«s (+ 
m t^^m.m.mm^m3<D^^HT&^mx. 

(-«) ^mi^. 31©«^<D«8iEili8S*2 OT^UT 
[0 0 6 01 ir >X HIK 2 2 1±— J* ©mS 6 fS\(Dn&^ 

-i.^lBISKDilSc^bT, •fe>XlHlK2 2{CTl&ffi-r-5«t 

[0 06 11 ^iJctr. *5!?gofegS^^ y HS:UJf2gif? 



•V -y tt, X ^-f y^izmatzmmizm 

^, CCD'S >y KSX^-f ^^tCjDXb, fiS^fBSff^^S 

[0 0 6 2 1 01 6 «*fe?q<Dm^etri^*^^^fflVi 
fca[^eSS^SBO«E:^0T?*S. 's-yHX^'f^'- 
2r*fe^*fi5 2±IC, S^-N-;; K5 1 *3 J:rjC|B@b'\-y 
H5 0*J^J«b, CtlS:T^?jiX-3'- (0^i*-r) 

SliflcS SttHFteb, h'X9-Y^^-ttfBSttEflc5 3 

©±s-. 0. 2 timEkT<ois-$$>^i,mmm^t&xMm 
i.x^Mmm-t^. ::<Dmmiz^*), n^^y h 5 1 « 

[0 0 6 31 

[|?Jfi091 0 1 RX^m 3 Sa«©«}jg<D'\ >y H *f^J« b 
fc. ;iCDfS«MSftt^*)Ka:bTtt, /Zr (3nm) 
/Pt46Mn54 ( 1 5 nm) /C o 9 0 F e 1 0 
(2nm) /Ru (0. Snm) /Co90FelO 
(2nm) /Cu (2nm) /Co90FelO (0. 
Snm) /N i 8 2 F e 1 8 (4 nm) /Ta (3 n 
m) Srffllifc. 

[0 0 641 sijgiK^tctt, 2 50-0, 5mrii<Df^9&m. 

S:«KRF©«#iHit52-r-5^f ISIK: 8 k O e ©«l!i&PP 
iDbO-^ff ofc. HISf^©^©MT J SC©/'^^-- 

>ifxi^. MT J mitm.Tm<oz r stt^^t/^^'— n 

V>ifmB\ZJ:r)0. 3P a<DnAr:»xnmfS.'PXS. 

[0 0 6 51 '\>> H«:;Pirr«#SigtbTttetT©%) 
[0 0 6 61 &^ -m^ 2m<D7)V=^yi7±\Z7)VS.^ 

T->— JPHS - Co 8 9 Z r 4Ta 4C r 3 (l/iin) 
mfigttat%> £ATi^b) 
y^^yZfm-rjVS.-)- (2 0nm) 
«ffi®- -Ta (1. 5nm) /Au (4 0 nm) /T a 
(3 nm) 

«ffijlf*tta -Ta (1. 5nm)/Au (240n 
m) /T a (3 nm) 
limm"-7)VS.-)- (2 Onm) 
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mn-iYT.m-Cr (10nm)/Co7 4. 5 Cr 
10.5 Ptl5(24 nm) 
±^^y-/m --7)l'S.^ (4 0nm) 

*ii5j?-Jl'T%-N i82Fel8 (90 nm) 
^®jJ5— ;|/ -N i 8 2 F e 1 8 (2. Sum) /Co 6 
5Nil2Fe23 (0. 5 Mm) 
i2&^-\' yy - T)W5:^ (0. 3 fim) 

^^^yz/mmf -rjvs^i- io. 7 um) 

n-TiPTflS- Cr (3 0nm)/Cu (ISOnm) 

nOl'-Cu (4. Sym) 

±Jl?— ;i^T% - T i (10 nm) /Co65Ni 12F 
e 2 3 (0. 1 um) 

-hjj?— Co 6 5N i 1 2 Fe 2 3 (0. Sum)/ 

N!82Fel8 (3. 5 um) 

^TT%- Cr (3 0nm)/Cu (ISOnm) 

Cu (SOum) 
:t— A— ^••-T;^5:^ (5 2um) 
^^"f-Tm-T i (10 nm) /N i 8 2 F e 1 8 

(0. 1 um) 
^S8^—Au (3um) . 

[0 0 6 71 ^-y HcDfP^S^ISttSATtDfflDtLfc. 

[0 0 6 8] 1 . n±^y HgPf^^ 

T>'-)1' H^KSC/Tn-Jl^^T^-f ^ > h 

*) ^T->-)VhVtiS'->->y (PRJ^^-*7=— z^- 

jnx-^ u- h ^*) -*T* i' y T'J^fiK ( p R m^^m 

p Rmm-*s. u >i^) -*aE/N*-f zxbj^^ (*jK)K-p r 
jpj«-5u>i^^pR^*) -*mmmm^ (mmmBS.m 

-»PRJ^I^-*5U>i^^PR^*) ^mSBJ^JsK (PR 

m^-*^m->*}yh:ty) -*mmmmmfSi (prj^j* 
Rm0Z-*0!im-*'jyh:ty) -*±mmmmf (prj^es 

i'-yye^i^tfeltPR}^^— 5U>i»^-^PR^) . 
[0 0 6 9] 2 . teil'N H^Sf^fiK 

(|g2T^fiEK-7lx'-APRJgfi£^* 
jItP— ;Pae> o /N*- P R JgfiK^-^ 5 * )PX -y^^if 

J5£l^-»=¥: yyzfmmm^Si. ( P r j^bk^j^p- u 7 H :t 
7) ^pw (±#-;i/t^ji3i?-)i/^&JS^W{c«^* 
fcji)CD3l?-;W mfR (P R)l^^-s 'J >i^-P RliSs*) 
-^-f ;ng^s c 1 1'v?;^ h (n-f ;KD«6i&ttSr«6«-r 

^*) -s c 2 u-i^x h (n-f ;w©iife&ttS:St«-rsfc 



-/I'jjt y ;i/-»T«K5*— A/N*— P R 

-^-^S^^Ux-v^^^i^— T%^*-^Focused Ion Beams 

u>i^SfHcj:-55}5-)i/KUAjtinx) ) -*m^m& (T 

«J«K^ P R J^^^SS^ =<^-dr 5 * ;kX 5^ > 
(T*6fi)tl«-*PRJKJ5lc^:&«^^y=*^-»T«!lS^ 

*) . 
[00 7 0} 3 . 

r ow«»r-«-ABS®SnX^«y:/— ABSB'^.CDDLC 

^p-»x^'f 3'i)nx^-y-x'>^>v'3 >'v®Kr)#»ts^ 

Stt2 0 0t:. 2^rB^<hUfc<. !««^©«M:^Jtt5. Ok 
Oe. MrTttO. 3 5memu/cm2 iiVtz. U. 

[0 0 7 11 Cro^y K<&fflV>TCoC r Ta^®«:± 

(±3j^-;Hl) ttO. 7um, »€ati5».^-\'>yy«0. 
I2um, m^TL^h^'i>i'Wii.'^7.i7±<r>2-Da>A\i 

mm9tm^<r>^m mmm) -ro. sumiufc. i^u 
mm^. mmm^m («5^Sfi£K^pRj^j5£^3'j>i^ 

-*PR^*) -*mMm^^ (PRJ^j«^fiKM^U7 h:t 

>') ®xgsr*ieuxKfpbfc, wiis<Dmm mm 

[0 0 7 21 if^Hi:*;ttfie3tE0«cD;5r*it>-r*^{c^tit)® 

Wiggletti¥5f5CS|il^SS-ra&D. r<D,*^>^»t-#SS 
U<Dtci>^^mn± Vy-jO 4BttSe3fefis|T t± 0 . 8 u m 

cDjiffl«a|-tf«0. 5um^:S:t^tt^:^<I^D«^c;a:o 

[0 0 7 31 mmii\m.\.-zmmmz^mv'yvi^ 
t^a^-rs. ^1. 6fg<Dii52ga!8egi^&oitgtc-e^^ 

[0 0 7 41 iJclC, *^W«:]gfflUTaf^$tlfc«ax 

mni^^Tsmn9mm&LxmM>9-yyL-(:^ii^ 

ns. iB^X'<'X:^(OPM{rta;6<l<D'\-y Kd^EB^n 

-ir t'toymmLXffsmm'^. X'fXi'0^xe>H 
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(0 0 7 5} 5^-Y7.;^©iSg{i4 6mm-CS0, =f—9 
[0 0 7 6] *g^tt/jNMn>ei-3'-W^S5l5tSS 

to 0 7 7] 

[0 1 1 i^m^o^mmxm^^^'y Ym.^m (ab sb 

[02] *f8?^©«^g«i^»'s-y H«^0 (ABSB 

[0 3] *fEB^©fiS^«ta5?ft*'\-;/ KfiSMStn:^^*^^ 

[04] *^?g®i8^aa[2&«'s-y h-®i}ig:&ft©-a5 

[0 5] *fg?qo®^S*a^«'\'> H©SSjt*ffi(D-?K 

[0 6] *^l«<DJK^fiSi^*'Sy H©SSig;&S(D-g|5 
S^t"0Ta&-5. 

[0 7] *5g?l®»m««v3a«'\'y h-®Sig:i&ffi©-glJ 
S*r0T*5, 

[0 8] *»?g®«^ffilfiSft«'\2' KWSjg^^ftW-SB 
*:^-r0-Ca&-5. 

[09] *f8M®«^gtn[^«'\5. K©SSit:i6?«CD-ai5 

[010] i^w^<r>mmm\s^^^v Krossit^^©- 



[01 1] *f8?g®«^fitrt^«'\y HCDSgig;&feO- 
S5«r:^-r0-C*«.. 

[012] *5!i«©e^fit»t^«'\«;/ Kwssjg:;^^®- 
g5&^-r0T*s. 

[013] *f6?q®»§lSSi^*'\-y H©Sii:)&S©- 
S5SS^-r0-C*-5. 

[014] i^^^<imm&^^%=t^mm\^-kjmm& 

[015] *f6W«^afflUfcl2Sfl^'s-y H©«fcg:0-e 

[016] ^^IW^K^eSxi^^^^ffl^ifca^ffiS 
S^g^©et:i:0TSS. 
[017] *^l«i:ii6*fi^t®iNftt*it«T-5fc»e>©0 

[018] K«E^0 (ABSffi 

[^^©ift?g] 

1 Ti^-^PKM 

2 T^^^ryy® 

3 fis^fiutsft^a 

4 iSIEA'I'TXM 

5 ^€ 

6 nmm 

7 ±^i'-y:/a 

8 i^-^PH^ 
4 1 D-f 

4 2 

4 3 m@ 

4 4 ±jsm 

4 5 W*'\<;/ H 

46 ABSB / 

5 0 tea's K 

5 1 W^^ y K 

5 2 'S.y HX7-fiJ^-**taSSS 

5 3 ^mmv^ 

5 4 fi5«:j5^e®Jin«i^ 
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[0 7] 
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[01 7] 
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0.6 


m 1 <^miB. iosmmmmm) 


3. 1 


t.o 


0.5 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE GUT OFF AT TOP, BOTTOM OR SIDES 
^ FADED TEXT OR DRAWING 

^ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENC£(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: ^_ \ 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



THIS PAGE BLANK (uspto) 



